We have studied the reversible pressure induced structural transition (primitive cubic to polymeric monoclinic) of Na2CsCGo and the superconductivity in both phases. We have established that the polymeric phase of Na2CsC60 is superconducting with an ambient pressure transition temperature about 3 K lower than that for the primitive cubic phase.
Introduction @sq-}
The discovery of superconductivity in trialkali compounds, A3CG0, with superconducting transition temperature values that ranged beyond 30 K led to the discovery of an empirical curve that showed an essentially linear dependence of transition temperature, Tc, on the cubic lattice parameter [1] [2] [3] . However, this simple picture became more complex when the corresponding ternary superconductors Na2ACG0(where A is K, Rb or Cs) were examined. The TC'Sfor these systems either departed significantly fi-om the universal curve, with T. values much lower than expected, or like NazK& were found to be not superconducting at all. This had been explained [4] [5] [6] by the crystal structure difference (at TC) between the latter ternary materials which belong to the primitive cubic space group Pa3, while the former belonged to the face-centered cubic group Fm3m. Also of considerable interest and controversy was the structural transition in Na2CsC60 from primitive cubic phase to the polymeric monoclinic P21/a phase and its relationship to the existence of superconductivity in the lower symmetry phase.
In Na2CsC60, the polymeric phase can be accessed only by the application of pressure [7] while in the isomorphous NazRbCGO, slow cooling alone results in a partial transformation from the primitive cubic to the polymeric phase. Schirber and co-workers [8] reported the polymeric phase in Na2CsC60 to be superconducting at a temperature several degrees lower than that of its primitive cubic phase. Prassides and co-workers [9] [10] [11] [12] [13] [14] have carried out extensive studies of the structures of both NazCSCGoand Na2RbCG0 as a fi.mction of pressure and temperature as well as studies of the superconductivity of these compounds at ambient pressure. For NazRb&, rapid cooling from ambient conditions resulted in the primitive cubic phase with TC= 3.8~but that with normal cooling or even .
with samples kept at 80 K for -10 h (and then cycled backup to 180 K for an additional 10 h) in attempts to ensure complete conversion from the cubic phase to the polymeric phase, a pure polymeric phase could not be prepared. No change was observed for the onset of superconductivity on measurements to 2~though the superconducting fraction was markedly reduced (to -25°/0 of the original value) demonstrating that the two phases co-existed. For Na2CsC60, their studies showed no evidence for polymeric phase formation on cooling at ambient pressure, despite using slow cooling with prolonged standing at 200 K procedures. At ambient pressure, the TConset was 12 K. At ambient temperature, an onset of the polymeric phase occurred between 0.56 or 0.61 Gpa (depending on the experimental method) and 0.76 Gpa; this phase grew at the expense of
the cubic phase to 0.90 Gp~but survived to the highest pressure (8.63 Gpa) investigated.
They concluded that the polymeric state of NazCsCbO is not superconducting, primarilY W analogy to Na2RbC60, and attributed the reported superconductivity to traces of untransformed primitive phase in the pressurized samples.
In thk paper we present an alternative explanation that accounts for all of their observations in both Na2CsCG0and Na2RbCG0. This explanation accounts for the occurrence of superconductivity y in the polymeric phase of Na2CsC60 and its apparent absence in the corresponding polymeric phase of Na2Rb&.
Experimental
Sample preparation of Na2CsC60 was previously described [5, 15] as was the rf impedance technique [16] for measuring TCat pressure (TCfor our samples was 11.5 K at ambient pressure using both rf impedance measurements and SQUID magnetometer).
Pressures to about 0.6 Gpa were obtained by careful isobaric freezing of the pressure medium which was He, Ne, or At-. Earlier studies [8] showed that He interpenetrates the lattices of these compounds so Ne and Ar were employed for the bulk of the studies.
Results and discussion
As presented earlier [8] , our measurements of Tc for NZi2cSc60 resulted in different values depending upon the temperature/pressure path and history. For the primitive cubic phase, our pressure dependence of TCagreed well with that reported by Mizuki et ai. [9] in a study using a non penetrating pressure medium. However, in our more extensive measurements an interesting "hysteresis" is observed. For example, applying 0.5 Gpa pressure at room temperature using a non penetrating pressure medium results in a drop in T. of about 5 K. If the pressure is then released at low temperature (<77 K), T= does not recover to the expected value of about 11.5 K, but is found to be about 3 K lower. If the sample is then warmed above 200 K and TCmeasured again, the 11.5 K transition is recovered. These results were completely reproducible on a number of samples and we assumed that thk lower T. and its smaller pressure derivative (-0.02 K/Gpa compared with -0.13 K&pa for the primitive cubic phase [8] ) were associated with the polymeric phase described by Zhu [7] .
Subsequent neutron diffraction studies discussed in detail by Morosin et al. [17]
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verified that the identical pressure/temperature cycles resulted in the formation of the polymeric phase. On a sample initially pressurized to 0.5 Gpa at ambient temperature, the hysteresis in T. values with pressure excursions to essentially ambient pressure were shown to result from the retention of the polymeric phase as long as the temperature was kept below -200 K. Returning the sample to ambient pressure/temperature conditions allowed reversible recovery of the cubic phase. Recently, Margadonna et al. [14] reported in more detail the evolution of the structure of Na2CsCG0with pressure and temperature.
These results are in general in good agreement with our earlier study [17] , including the onset of the polymeric phase near 0.6 Gpa. However, the two studies differ primarily in the phase purity of the sample above the pressure induced transition. Our room temperature point at 0.6 Gpa ( point 5 of Figure 1 in Reference 17) did not show any evidence of the primitive cubic phase. That pressure run was subsequently firther cooled to 82 Kin -5 h, followed by release to essentially ambient pressure at -82 K, then further cooled to 17 K where a longer-collection-time neutron diffi-action data set was collected.
Rietveld structure refinement with these 17 K data required only the addition of the cubic Therefore, these experiments provide a clear and unambiguous demonstration that the polymeric phase in NazCsCcO is a superconductor with the transition temperature about 3 K lower than that of its primitive cubic phase.
Bendele et al. [12] suggested that the superconductivity that we attributed to the polymeric phase is due to the untransformed primitive phase. They base this assumption on their observations of incomplete transitions to the polymeric phase, particularly in Na2RbCco where the transition is induced by slow cooling and never achieves more than 70V0 conversion. We discount this suggestion for the following reasons: (1) We achieve pure polymeric phase to within the sensitivity of our measurements in both the structural and the superconducting experiments. This seems reasonable for Na&sCGO because we are inducing the transition with pressure at room temperature where the kinetics are more.
favorable than inducing the transition by cooling the Na2RbCb0 to 200 K. (2) If we were observing residual primitive phase superconductivity, we would expect a corresponding loss in the signal intensity due to changes in the superconducting fraction. We do not.
Furthermore, we could not explain the 3 K lower transition temperature and the substantially lower value for pressure dependence of T. on samples maintained in that .
portion of the pressure-temperature phase diagram.
Prassides and co-workers arrived at their conclusions for Na2CsCGobecause neither they nor anyone else had. detected any superconductivity in the polymeric phase of NazRb&.
We believe that is what should be expected in Na2RbC60. On the other hand, our measurements demonstrate superconductivity in the polymeric phase of NazCsCGO.
For the latter phase, we observe an approximately 3 K lower transition than in the primitive cubic phase. If there were a similar drop in T. in the transition to the polymeric phase in NazRb&, either a ve~low Tc or no superconductivity would be observed because Tc is already at -3 Kin the primitive cubic phase.
Conclusion
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We have demonstrated that the polymeric phase of NazCsCGOmay be accessed by pressurizing a sample at room temperature at a pressure of 0.5 Gpa, using a non penetrating pressure medium, followed'by cooling to below 200 K. This structural transition is reversible, and the cubic phase is recovered when the sample is returned to ambient conditions. This polymeric phase has both a lower Tc and smaller pressure dependence of Tc than the corresponding values for the primitive cubic phase. On the basis of the above discussion, we have established that the polymeric phase of Na&sCGo is superconducting.
The corresponding phase of Na2RbC60 may be either nonsuperconducting or has a T. below the range of experiments to date.
